
INTRODUCTION

Several toxins produced by Staphylococcus aureus or Streptococ-
cus pyrogenes are called bacterial superantigens and are potent
stimulators of certain VbT cells and have been reported to cause
various clinical features, including multiple organ failure [1–3]. It
is believed that superantigens themselves are not cytopathic 
but the host immune response to superantigens is considered to
induce the tissue damage and organ failure. Activated mono-
cytes/macrophages produce proinflammatory cytokines and acti-
vate T cells to produce T helper 1 (Th1) cytokines, IFN-g and 
IL-2 [1]. TNF-a is often referred to as an effector molecule in
shock and organ failure [4,5]. IFN-g has also been reported to 
be involved in bacterial superantigen-induced tissue injury and
causes mortality in mice [5]. We have reported recently in mice
that IL-12 [6–8], one of the Th1 cytokines, produced by mono-

cytes/macrophages stimulated with bacterial infections or bac-
terial superantigens, activates NK cells and NK1·1+ T cells, thus
inducing them to produce IFN-g in mice [9–11]. This was also the
case in LPS-induced shock or generalized Shwartzman reaction
in mice [9,12,13].

On the other hand, we have reported recently that CD56+ or
CD57+ NK-type T cells in humans produced a greater amount of
IFN-g and acquired a more potent antitumour cytotoxicity than
did regular CD8+ T cells by the stimulation with either immobi-
lized anti-CD3 antibody or Th1 cytokines [14]. As human Va24+

T cells and mouse Va14+ NK1·1+ T cells have a TCR sequence
homology [15] and both human Va24+ T cells and mouse Va14+

NK1·1+ T cells respond to a-galactosylceramide CD1 depen-
dently, Va24+ T cells have been regarded as a counterpart of
mouse NK1·1+ T cells [16,17]. However, in contrast to mouse
Va14+ NK1·1+ T cells, the presence of human Va24+ T cells is
extremely rare, both in the peripheral blood and the liver [18].
Therefore, based on the preferential location in the liver, CD161
(NKRP-1) expression, their potent IFN-g producing capacity and
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SUMMARY

We have reported recently that mouse liver NK cells and NK1·1+ T cells were activated by bacterial
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IFN-g production from PBMC. When purified NK-type T cells, NK cells and regular T cells were cul-
tured with monocytes and SEA they all produced IFN-g, while the IFN-g amounts produced by both
NK-type T cells were greater than those produced by NK cells. NK cells as well as CD56+ T cells showed
cytotoxicity against NK-sensitive K562 cells, whereas both NK-type T cells showed a more potent cyto-
toxicity against NK-resistant Raji cells than did NK cells. The IFN-g production from each population
as well as from whole PBMC was greatly inhibited by anti-IL-12 antibody but not by anti-IL-18 anti-
body. The antitumour cytotoxicity of whole PBMC was also significantly inhibited by anti-IL-12 
antibody while the SEA-induced proliferation of PBMC was not affected by anti-IL-12 antibody. 
Furthermore, SEA-activated NK-type T cells as well as NK cells showed cytotoxicities against vascu-
lar endothelial cells. Our findings suggest that human NK-type T cells are thus involved in bacterial
superantigen-induced immune response.
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IL-12-induced antitumour cytotoxicity, we proposed that human
CD56+ T cells are a functional counterpart of mouse NK1·1+ T
cells [9,14,18]. In addition, CD57+ T cells increase with ageing and
the IFN-g producing capacity of PBMC correlated with the pro-
portion of these cells in PBMC, thus suggesting that NK-type T
cells play an impotant role in Th1 immune resposes [9,14].

In the present study, we investigated the role of human NK-
type T cells in the superantigen-induced immunological response
and showed that one of the staphylococcal superantigens, SEA
[19], induces not only regular T cells but also NK-type T cells to
produce IFN-g , thereby acquiring a potent antitumour cytotoxi-
city in an IL-12-dependent manner. We also show that not only
NK cells but also NK-type T cells stimulated with SEA are cyto-
toxic against human vascular endothelial cells from the umbilical
vein (HUVEC).

MATERIALS AND METHODS

Reagents
SEA was purchased from Sigma Inc. (St Louis, MO, USA). Anti-
IL-12 antibody (goat IgG) and goat IgG as an isotype antibody
for anti-IL-12 antibodies were purchased from R&D system
(Minneapolis, MN, USA). Anti-IL-18 antibody was purchased
from MBL (Nagoya, Japan).

Isolation of peripheral blood mononuclear cells (PBMC), 
cell sorting and culture
PBMC were obtained from peripheral blood by Lymphocyte 
Separation Medium (ICN Biomedicals Inc., Aurora, Ohio, USA).
For the depletion of NK-type T cells, the whole PBMC were
stained with FITC anti-abTCR antibody and with either PE-anti-
CD56 antibody, anti-CD57 antibody or both PE-anti-CD56 anti-
body and anti-CD57 antibody, and CD56+ T cells, CD57+ T cells
or both of them were separated out. Thereafter, 2 ¥ 105 cells of
each cell population in 200 ml of RPMI 1640 containing 20%
human serum were cultured with SEA (2·5 mg/ml) for 24 h, 48 h
and 60 h and then culture supernatants were harvested and main-
tained at -80°C for ELISA. After a 60-h culture, the cells were
harvested and then subjected to cytotoxic assays.

For the purification of lymphocyte subsets, PBMC were
stained with FITC-anti-gd TCR antibody (IMMU510, Beckman
Coulter) and gd T cells were depleted by MACS (Miltenyi 
Biotec GmbH, Bergisch Gladbach, Germany) using anti-FITC-
microbeads. Thereafter, PBMC were stained with FITC-
anti-CD57 antibody, PE-anti-ab TCR antibody and PC5-anti-
CD56 antibody. CD56+ abTCR– NK cells, CD56+ abTCR+ cells,
CD56– CD57+ abTCR+ cells and CD56– CD57– abTCR+ cells were
purified by EPICS Elite (Beckman Coulter) (purity of each 
population was more than 95%); 2 ¥ 105 cells of each subset in
200 ml of RPMI containing 20% human serum were cultured with
macrophages in the presence of SEA and culture supernatants
were harvested and maintained at -80°C for ELISA. After
culture for 60 h, the cells were harvested and then subjected to
cytotoxic assays. For the preparation of macrophages, 2 ¥ 105

PBMC in 200 ml of RPMI containing 20% human serum were
incubated at 37°C for 2 h and after gently removing non-adherent
cells, adherent cells were regarded as macrophages.

Assays for IFN-g levels
IFN-g levels in lymphocyte culture supernatants were evaluated
using the cytokine-specific ELISA (OptEIATM, PharMingen).

Cytotoxic assay
NK-sensitive K562 cells or NK-resistant Raji cells were labelled
with 100 mCi Na2 (51Cr)O4 for 60 min at 37°C in RPMI 1640
medium containing 10% FCS, washed three times with medium
and subjected to cytotoxicity assays. The labelled targets (4 ¥
103/well) were incubated in a total volume of 200 ml with effector
cells which had been stimulated with SEA for 60 h (E/T ratio =
10 : 1) in RPMI 1640 in 96-well round-bottomed microtitre plates.
The plates were centrifuged after incubation for 4 h, after which
the supernatant was harvested and counted with a gamma
counter. In some experiments, HUVEC were seeded into a 96-
well flat-bottomed plate. After achieving confluence, the HUVEC
monolayers were labelled with 100 mCi Na2 (51Cr) O4 overnight at
37°C in RPMI 1640 containing 10% FCS, washed three times with
medium, and then subjected to a cytotoxic assay. 2 ¥ 105 cells of
the purified CD57+ T cells, CD56+ T cells, regular CD8+ T cells or
CD56+ NK cells in 200 ml of RPMI containing 20% human serum
were cultured with macrophages in the presence of SEA. After a
60-h culture, the cells were harvested and then subjected to a cyto-
toxic assay. The cytotoxicity was calculated as the percentage of
releasable counts after subtracting the spontaneous release. The
spontaneous release was less than 15% of the maximum release.
Maximum release was determined by the incubation of target
cells with 100 ml of 1 N hydrochloric acid.

DNA synthesis assay
To test the proliferation of PBMC (2 ¥ 105/200 ml) by stimula-
tion with SEA, the cells were pulsed with 0·5 mCi per well of
[3H]thymidine for 12 h before the cells were harvested. The
radioactivities of the harvested cells at the indicated culture time-
points were assessed by the liquid scintilation counting method.

Addition of the anti-IL-12 antibody, anti-IL-18 antibody or the
isotype control antibody for anti-IL-12 antibody in the culture
Ten mg/ml of each antibody was added from the starting culture
of whole PBMC or various lymphocyte subsets with SEA.

Statistical analysis
Differences between the groups were analysed by the Mann–
Whitney U-test or an ANOVA analysis with Fisher’s PLSD using
the StatView program on an Apple computer. Differences were
considered to be significant when P was < 0·05.

RESULTS

SEA-stimulated IFN-g production from either CD56+ T cells or
CD57+ T cells
After depletion from the whole PBMC of each cell population 
by cell sorting, the PBMC were cultured in the presence of SEA
(2·5 mg/ml). The results showed that the depletion of each popu-
lation caused a significant reduction of the IFN-g production at 48
and 60 h culture (Fig. 1a). These results suggest that each popu-
lation had an IFN-g producing capacity. Since the sorting proce-
dure sometimes exerts a negative effect on the function of
lymphocytes, whole PBMC were also passed through a cell sorter
and were used as a control.

When CD56+ T cells, CD57+ T cells and CD56+ NK cells were
purified by cell sorting and then cultured with plastic adherent
macrophages in the presence of SEA (2·5 mg/ml), each population
produced a substantial amount of IFN-g (Fig. 1b), especially in
the early phase of the culture (24 h and 48 h). In contrast, regular
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T cell produced a large amount of IFN-g in the later phase (60 h)
(Fig. 1b). Of note, both CD56+ T cells and CD57+ T cells produced
larger amounts of IFN-g than did NK cells (Fig. 1b).

Antitumour cytotoxic activity of SEA-stimulated CD56+

T cells, CD57+ T cells and CD56+ NK cells in comparison 
with that of regular T cells
After a 60-h culture of each cell population with monocytes in the
presence of SEA (2·5 mg/ml), CD56+ T cells and NK cells, but
neither CD57+ T cells nor regular T cells, acquired a potent cyto-
toxicity against NK-sensitive K562 cells (Fig. 2a). The cytotoxic
activities against K562 cells of control NK cells cultured with
medium alone were usually less than one-third of those of the NK
cells cultured with SEA, while the percentage cytotoxicity of
control CD56+ T cells against K562 cells was less than 5% (data
not shown). In addition, although all populations cultured with
SEA showed potent cytotoxicities against NK-resistant Raji cells,
both NK-type T cells and T cells showed more potent cytotoxic-
ities than did NK cells (Fig. 2b). When these populations were cul-
tured without SEA, % cytotoxicities of these cells against Raji
cells were all less than 5% (not shown).

Dependence on IL-12 of IFN-g production and cytotoxicity 
but not of proliferation of SEA-activated PBMC
Although anti-IL-12 antibody did not inhibit the SEA (2·5 mg/ml)-
induced proliferation of whole PBMC (Fig. 3a), anti-IL-12 anti-
body greatly decreased SEA-activated IFN-g production (Fig. 3b)
and cytotoxicity (Fig. 3c) in whole PBMC while anti-IL-18 
antibody did not (Fig. 3b,c). The IFN-g production from 
whole PBMC without antibody was larger than that from whole
PBMC presented in Fig. 1, probably because the IFN-g data in

Fig. 1 were from whole PBMC which had been passed through a
cell sorter.

Inhibition by anti-IL-12 antibody of IFN-g production from
various lymphocyte subsets stimulated with SEA
The SEA (2·5 mg/ml)-stimulated production of IFN-g from CD56+

T cells, CD57+ T cells, NK cells and regular T cells was greatly
inhibited by anti-IL-12 antibody but not by anti-IL-18 antibody
(Fig. 4). Although the IFN-g amounts produced by all lymphocyte
subsets were relatively low, this may also be due to the long
sorting time of the each subset before starting the culture.

SEA-stimulated CD8+ T cells as well as CD4+ T cells produce
IFN-g and CD8+ T cells exert a potent antitumour cytotoxicity
When purified CD56– CD57– CD4+ T cells and CD56– CD57–

CD8+ T cells were stimulated with SEA (2·5 mg/ml) in the pres-
ence of monocytes, both subsets produced large amounts of IFN-
g. Notably, CD8+ T cells produced a larger amount of IFN-g than
CD4+ T cells by the 48 h culture (Fig. 5a). In addition, CD8+ T
cells showed a more potent cytotoxicity than did the CD4+ T cells
against either K562 cells or Raji cells (Fig. 5b,c).

SEA-activated NK cells as well as NK-type T cells but not
regular CD8+ T cells are cytotoxic against HUVEC
In addition to NK cells, CD56+ T cells and CD57+ T cells, espe-
cially CD56+ T cells, were found to be cytotoxic against HUVEC
after 60 h culture with SEA (2·5 mg/ml) and monocytes (Table 1).
However, regular CD8+ T cells showed a minimum cytotoxicity
(Table 1). All of these populations cultured with macrophages in
the absence of SEA showed less than a 3% cytotoxicity against
HUVEC (not shown).
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Fig. 1. IFN-g production from human NK-type T cells stimulated with SEA. (a) Decreased IFN-g production from PBMC by the deple-
tion of either CD56+ T cells (56+ T (-)), CD57+ T cells (57+ T (-)) or CD56+ NK cells (56+ NK (-)). CD56+ T cells, CD57+ T cells or CD56+

NK cells were depleted from whole PBMC by a cell sorter and were cultured with SEA for the indicated hour and culture supernatants
were subjected to ELISA. Data are the means ± s.e. from five independent experiments. (b) The IFN-g production from various lympho-
cyte subsets. CD56+ T cells, CD57+ T cells, CD56+ NK cells and regular T cells were purified by a cell sorter and were cultured with SEA
for the indicated hour and culture supernatants were subjected to ELISA. The data are the means ± s.e. from five independent experi-
ments. *P < 0·05; **P < 0·01. �, 24 h; , 48 h; �, 60 h.
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Fig. 2. The antitumour cytotoxic activities of various lymphocyte subsets stimulated with SEA. CD56+ T cells, CD57+ T cells, CD56+ NK
cells and regular T cells were purified by a cell sorter and were cultured with SEA in the presence of monocytes for 60 h and cytotoxic
activities of harvested cells against K562 cells (a) and Raji cells (b) were measured. The data are the means ± s.e. from five independent
experiments. *P < 0·05; **P < 0·01. 
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DISCUSSION

In the present study, we have demonstrated that human NK-type
T cells produce IFN-g and acquire an antitumour cytotoxicity 
by stimulation with SEA mainly via IL-12 production from 
monocytes/macophages. Furthermore, NK-type T cells produced
greater amounts of IFN-g than did NK cells. In addition, SEA-
stimulated regular CD8+ T cells produced an even greater amount
of IFN-g and showed a more potent antitumour cytotoxicity 
than did regular CD4+ T cells. Whereas SEA-stimulated NK 
cells exhibited a potent cytotoxicity against HUVEC, NK-type T
cells but not regular CD8+ T cells were also cytotoxic against
HUVEC.

We proposed recently that CD56+ T cells are a human func-
tional counterpart of mouse NK1·1+ T cells while CD57+ T cells
are a human functional counterpart of mouse CD8+ IL-2Rb

(CD122)+ T cells (both increase with age), especially in Th1
immune responses [9,14,20]. The CD56+ T cells activated by IL-2
and IL-12 or anti-CD3 antibody produce a large amount of IFN-
g and exert a potent antitumour cytotoxicity in vitro [14,21]. NK
cells and CD56+ T cells are abundant in human livers [21] and
these cells in the liver were cytotoxic against hepatocellular car-
cinoma [18]. These findings revealed that human CD56+ T cells
are indeed antitumour effectors similar to mouse NK1·1+ T 
cells [9,22]. On the other hand, the proportion of CD57+ T cells
increases with age in PBMC [23] and also has a potent capacity
to produce IFN-g and a substantial antitumour cytotoxicity 
[14], thus suggesting that CD57+ T cells play an important role in
the Th1 responses against infections and tumours of aged humans
[9].

Our present study suggests that not only regular T cells but
also NK-type T cells may be involved in immunopathological

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 128:453–459
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Fig. 3. The effect of anti-IL-12 antibody and/or anti-IL-18 antibody on the proliferation, IFN-g production and antitumour cytotoxicity of
PBMC stimulated with SEA. (a) Whole PBMC were cultured with SEA in the presence of anti-IL-12 antibody or an isotype antibody for
the indicated times and their proliferations ([3H] uptake) at indicated time-points were measured. The data are the means ± s.e. from three
independent experiments. , SEA; , SEA + anti-IL-12; �, SEA + isotype control. (b) Whole PBMC were cultured with SEA in the
presence of anti-IL-12 antibody (goat IgG as an isotype control), anti-IL-18 antibody or both anti-IL-12 antibody and anti-IL-18 antibody
and IFN-g levels in the culture supernatants at indicated time-points were compared with those of control without antibody. The data are
the means ± s.e. from four independent experiments. **P < 0·01. �� ¥ versus ��. �, SEA; �, SEA + anti-IL-12; �, SEA + anti-IL-18; �,
SEA + anti-IL-12, 18; ¥, SEA + isotype control. (c) Whole PBMC were cultured with SEA for 60 h as described above and antitumour
cytotoxicities were examined. The data are the means ± s.e. from four independent experiments. **P < 0·01. , SEA; , SEA + anti-IL-
12; �, SEA + anti-IL-18; , SEA + anti-IL-12+18.

Fig. 4. The effect of anti-IL-12 antibody on the IFN-g production from various lymphocyte subsets. Purified CD56+ T cells, CD57+ T cells,
NK cells and regular T cells were stimulated with macrophages and SEA in the presence of anti-IL-12 antibody, anti-IL-18 antibody or
both anti-IL-12 antibody and anti-IL-18 antibody and IFN-g levels in the culture supernatants at the indicated time-points were compared
with those of control without antibody. The data are the means ± s.e. from four independent experiments. �, SEA; �, SEA + anti-IL-12;
�, SEA + anti-IL-18; ¥, SEA + anti-IL-12 + 18. **P < 0·01.
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states induced by bacterial superantigens. Bacterial superantigens
sometimes induce multiple organ failure including the kidney,
lung and liver [1,2]. The finding that SEA-activated NK-type T
cells as well as NK cells produced IFN-g and were cytotoxic
against HUVEC and that activated mouse NK1·1+ T cells are also
cytotoxic against hepatocytes [13,24], thus suggests that NK-type
T cells induce damage in normal cells under certain conditions.
Although the multiple organ failure induced by bacterial super-
antigens may be due primarily to cardiovascular shock and dis-
seminated intravascular coagulation [1,2] and such cytokines as
TNF-a and IFN-g may play a crucial role in these phenomena
[4,5,25,26], it could be hypothesized that endothelial damage
induced by superantigen-activated NK cells and NK-type T cells
may contribute to the capillary leakage that leads to shock and
organ failure.

IL-18 reportedly synergizes with IL-12 and stimulates NK
cells and T cells to produce IFN-g [27,28]. However, anti-IL-18
antibody did not inhibit the SEA-activated IFN-g production and
cytotoxicity of PBMC. Therefore, unlike LPS [29], the SEA-
induced activation of PBMC is not dependent on IL-18. Consis-
tent with this finding, a recent study reported that IL-18-deficient
mice did not produce IFN-g in response to LPS but they produce
IFN-g in response to SEB [30]. These findings suggest strongly
that staphylococcal superantigens (enterotoxins) activate PBMC
mainly through IL-12 produced by the macrophages/dendritic
cells.

The finding that, although SEA activates both regular CD4+

T cells and regular CD8+ T cells, CD8+ T cells exerted a more
potent cytotoxicity and produce a greater amount of IFN-g than
did regular CD4+ T cells suggests that CD8+ T cells should also be
considered as effectors in immunopathological states induced by
bacterial superantigens. These results correlate with those of a
previous report, which showed not only CD4+ T cells but also
CD8+ T cells to be activated by SEB [31].

It should be noted that the depletion of NK cells and either
NK-type T cells from PBMC greatly decreased the SEA-induced
IFN-g production from PBMC to a similar degree despite the fact
that purified subsets, especially NK cells and CD57+ T cells, pro-
duced relatively lower amounts of IFN-g in response to SEA.
However, we recently encountered a similar situation in which the
depletion of mouse CD8+ IL-2Rb (CD122)+ T cells from whole
splenocytes reduced the anti-CD3-stimulated IFN-g production
from splenocytes greater than that estimated by the IFN-g pro-
ducing capacity of the purified CD8+ IL-2Rb (CD122)+ T cells
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Fig. 5. The IFN-g production and antitumour cytotoxicity of regular CD4+ T cells and CD8+ T cells. (a) Purified CD56– CD57– CD4+ T cells
and CD56– CD57– CD8+ T cells were cultured with monocytes in the presence of SEA for the indicated times and the IFN-g levels in the
culture supernatants were measured. �, CD4+ T; , CD8+ T. (b, c) Purified CD56– CD57– CD4+ T cells and CD56– CD57– CD8+ T cells
were cultured with monocytes in the presence of SEA for 60 h and cytotoxic activities of these cells were examined. The data are the means
± s.e. from three independent experiments. *P < 0·05; **P < 0·01. E : T ratio = 20 : 1.

Table 1. SEA-induced cytotoxic activities of various lymphocyte subsets
against HUVEC

Subsets % Cytotoxicities against HUVEC†

Regular CD8+ T cells 3·2 ± 1·9
CD57+ T cells 10·7 ± 4·1*
CD56+ T cells 20·8 ± 7·7*
CD56+ NK cells 46·3 ± 16·2*

Data are the means ± s.e. from three independent experiments. †E : T
ratio = 20 : 1; *P < 0.05 versus CD8+ T cells.
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themselves [20]. Furthermore, CD8+ IL-2Rb (CD122)+ T cells
induced the IFN-g production from CD4+ T cells, thus indicating
that CD8+ IL-2Rb (CD122)+ T cells may induce further IFN-g
production from other T cell populations [20]. These findings
suggest that the interaction of NK cells and NK-type T cells with
regular T cells is required for the effective activation of PBMC as
a whole in response to various stimuli.

Although the proportions of CD56+ T cells and CD57+ T cells
in PBMC in adults are relatively small (2–5% and 3–10%, respec-
tively), the NK-type T cells, especially CD57+ T cells, increase
constantly in proportion with age and CD3-stimulated IFN-g
production from PBMC correlated with the proportion of CD57+

T cells in PBMC [14]. NK cells also increase proportionally with
age [14]. It is therefore possible that NK cells as well as NK-type
T cells may play a greater role in the superantigen-induced
immune responses than previously thought in elderly adults.
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